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TEm1cA.L MEMORANDUM x-573 
- __ 

LOW-SPEED AERODYNAMIC (XKRACI'ERISTICS OF A 

MODEL OF THE DS-1 G L I D E P  

By Clyde Q. Allen 

The model was t e s t ed  a t  Mach numbers of 0.26 an1 0.50  an^ a t  Reynolds 
numbers from 5 t o  24 million based on the  mean aerodynamic chord. 
delta-wing g l ider  had 73' of sweep and the  configurations included f i v e  
d i f fe ren t  body shapes, four v e r t i c a l  t a i l  arrangements, and two s izes  each 
of wing leading-edge r ad i i ,  elevons, and wing-tip extensions. 

The 

Results showing t h e  s t a t i c  longitudinal and la teral-direct ional  
aerodynamic charac te r i s t ics  a re  presented without analysis.  

The r e su l t s  presented herein were obtained in the  Ames 12-Foot 
Pressure Wind Tunnel a s  par t  of t h e  NASA program supporting the  Dyna Soar 
Project of t he  United S ta tes  Air Force. A 0.15-scale model of t he  DS-1 
re-entry g l ider  w a s  supplied by t h e  Boeing Airplane Company. 
configurations of t h i s  delta-wing glider were t e s t e d  a t  Mach numbers of 
0.26 and 0.50 t o  evaluate the  low-speed longitudinal and l a t e r a l -  
d i rec t iona l  character is t ics .  The glider configurations included f i v e  
d i f fe ren t  body shapes, f o u r  v e r t i c a l  t a i l  arrangements, and two s izes  
each of wing leading-edge rad i i ,  elevons, and wing-tip extensions. The 
angle-of-attack range wasofrom -4O t o  +25O, and the  angle-of -s idesl ip  
range was  from -4' t o  +16 . The Reynolds numbers ranged from 5 t o  24 
mill ion based on t h e  wing m e a n  aerodynamic chord. 
configurations were t e s t e d  a t  a Mach number of 0.26 and at a Reynolds 
number of e i the r  5 or 15 million. 

Several 

The majority of t he  

To expedite publication, the data are  
- presented without analysis. 

0 

- i t l e ,  Unclassified 
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COEFFICIENTS AND SYMBOLS * 

The measure force and moment coefficients presented in this report 
are referenced to the body-axis system, except the lift and drag coeffi- 
cients which are referenced to the wind-axis system (see fig. 1). 
moments for all configurations are referred to a point 3.152 feet aft of 
the vertex obtained by extending the leading edges, and 3.75 inches above 
the bottom surface of the wing. 
involving the E2 elevons, this moment center is at 43.73 percent E .  
For configurations involving the E2 elevons, the moment center is at 
38.34 percent c. 

The 

For all configurations except those 

- 
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span, 2.883 ft (19.22 ft, f u l l  scale) 

mean aerodynamic chord, 3.098 ft (for W1E1)(20.65 ft, full scale); 
3.167 ft (for W1E2)(21.11 ft, f u l l  scale) 

. lift lift coefficient, - 

pitching-moment coefficient, 

qs 
pitching moment 

qsc 
drag coefficient, - drag 

qg 
lateral force side-force coefficient, 

yawing-moment coefficient, 

rolling-moment coefficient, 

base-pressure coefficient, 

free-stream Mach number 

qs 
yawfng moment 

qSb 
rolling moment 

qSb 
g, - p  

cl 

base pressure 

free-stream static pressure 

free-stream dynamic pressure 

Reynolds number based on wing mean aerodynamic chord, 3.098 ft 

wing area, 7.486 sq ft (for ~=~~)(332.7 sq ft, fill scale); 
8.139 sq ft (for W1E2)(361,7 sq ft, full scale) 
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cc angle of a t tack (referred t o  bottom surface of wing) corrected f o r  
tunnel-wall interference,  deg 

% 

ccT 

geometric angle of a t tack (referred t o  bottom surface of wing), deg 

incidence of t i p  extensions (measured between t h e  wing-tipextension 
chord and the  bottom surface of wing)(negative def lect ion - 
tip-extension t r a i l i n g  edge up), deg 

P angle of s ides l ip ,  deg 

6, elevon deflection (measured between t h e  bottom surfaces of wing 
and elevon) (negative deflection - elevon t r a i l i n g  edge up), deg 

The following symbols are  used i n  t h i s  report  t o  describe t h e  g l ide r  
configurations and w i l l  iden t i fy  the  component pa r t s  of each configuration- 

730 swept wing 

standard wing leading edge ( b i n .  lower radius, 2-Fn, upper radius, 

modified wing leading edge (4-in. lower radius, 6-in- upper radius, 

f u l l  scale)  

fill scale) 

standard body 

c one-cylinder body 

B1 body with extension (used only with E2 elevons) 

flat-nosed body (see f i g .  5 ( a ) )  

standard v e r t i c a l  tails, 8' toe-in (31 sq ft each, full scale)  

large v e r t i c a l  tails, t i l t e d  out 20° (43 sq ft each, fill scale) 

large v e r t i c a l  tails, not t i l t e d  out (43 sq f t  each, f u l l  scale) 

standard v e r t i c a l  t a i l s ,  4' toe-in (31 sq Ft each, fill scale)  

standard elevons (small elevons; t o t a l  area, 45 sq ft, full sca le )  

large elevons ( t o t a l  area, 68.2 sq f t ,  fu l l  sca le )  

large wing-tip extension (low aspect r a t io ;  t o t a l  area, 22.98 sq ft, 
fill scale) 

r 
0 
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T2 small wing t i p  extension (high aspect ra t io ;  t o t a l  area, 11.9 sq f t ,  
f u l l  scale)  

XI body f i l l e t  

MODEL 

The O,l5-scale model was supplied by t h e  Boeing Airplane Company. 
The model had a modified de l t a  plan-form wing with 73' sweep and a fuselage 
mounted on the  upper surface of t h e  w i n g ,  The wing and control  surfaces 
were made of aluminum and t h e  bodies were fabricated from aluminum, wood, A 
and impregnated glass  f ibe r ,  The components used f o r  t he  various modifi- 5 
cations are l i s t e d  under the  section Coefficients and Symbols and t h e  2 
principal model dimensions are given i n  f igure  2. Photographs of some of 3 
the  model configurations a re  presented i n  f igures  3 through 7. 
was  supported by an in t e rna l  six-component strain-gage balance and was 
s t ing  mounted i n  the  wind-tunnel t e s t  sect ion-  The elevons were actuated 
by e l ec t r i c  motors which permitted remote control  of t h e  def lect ion 
angles. 

The model. 

Seven o r i f i ce s  w e r e  used t o  survey t h e  model base pressures on the  
standard WILIBIVIEl configuration only. These o r i f i ce s  were d is t r ibu ted  
across the t r a i l i n g  edges of t h e  l e f t  v e r t i c a l  t a i l  and elevon, and across 
the l e f t  s ide  of t he  body base, and were connected t o  a multiple-tube 
manometer. A single o r i f i ce  w a s  secured t o  t h e  s t i ng  ins ide  t h e  model 
cavi ty  j u s t  forward of t he  base. . 

TESTS 

Six-component force and moment measurements were made i n  t h e  Ames 
12-Foot Pressure Wind Tunnel t o  determine t h e  longitudinal and lateral-  
direct ional  charac te r i s t ics  of t he  model configurations over an angle-of- 
a t tack range from -bo t o  +25O and s ides l ip  range from -4' t o  +16', the  
l a t t e r  at constant angle of a t tack of e i t h e r  Oo, 6O, or 9'. The free- 
stream Mach number for most of t he  experiments was  0.26 and t h e  Reynolds 
number was e i t h e r  5 million or 15 million, Some data  were obtained f o r  
a Mach number of 0.26 and a range of Reynolds numbers from 5 million t o  
24 million- In  addition, measurements w e r e  a l so  made for a Mach number 
of 0.50 and a Reynolds number of 9 million. 

The elevons were deflected together as longitudinal controls  or . 

The def lect ions of t h e  wing-tip extensions w e r e  l imited t o  Oo 
di f fe ren t ia l ly  as roll controls, and t h e  l imi t s  of deflection w e r e  + l y 0  
and -20'. 

0 

and -loo- 
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Experiments were made a t  two Reynolds numbers with a r t i f i c i a l  
roughess  on t he  standard g l ider  Configuration t o  insure a comyletely 
turbulent boundary layer. 
'and No. 100 carborundum grains along the wing leading edges. 

The roughness was applied a s  s t r i p s  of No. 60 

, 

standard g l ide r  configuration a t  seven points d i s t r ibu ted  across the  lef t  
s ide  of the  base and a t  a s ingle  point located within t h e  model balance 
cavi ty  . 

Pressure measurements were made f o r  two Reynolds numbers f o r  t he  

REDUCTION OF DATA 

The data have been corrected f o r  the induced e f f ec t s  of t he  tunnel 
walls resu l t ing  from l i f t  on the  model by the  method of reference 1. 
magnitudes of t he  corrections which were added t o  the  measured values are:  

The 

aa = 0.52 cL 

ACD = 0.0091 cL2 

Corrections t o  the  data t o  account for the  e f f ec t s  of constr ic t ion due t o  
t h e  tunnel  w a l l s  were calculated by  the method of reference 2, and angles 
of a t tack  and s ides l ip  have been corrected f o r  the  def lect ion of the  s t i ng  

&d s t i n g  support i s  not known. 

fl 

,,- support system under load. The effect  of interference between the  model 

The plan-form areas of the  two types of elevons, El and E2, were 
.,included i n  t h e  wing area appropriate t o  each configuration. Hence, two 

Galues f o r  both wing area and mean aerodynamic chord a re  l i s t e d  i n  the  
Coefficients and Symbols section. 
t he  wing area used f o r  calculating the force and moment coeff ic ients  
included the  area of the  small elevons, E l .  It should be noted t h a t  f o r  
configurations with wing-tip extensions, t he  wing area was not adjusted 
t o  include t h e  areas of the t i p  extensions. Drag data a re  presented as  

For configurations without t he  elevons, 

t .  

, measured without adjustments f o r  base pressure. 
1 

The r e s u l t s  of the  wind-tunnel investigation of t h e  DS-1 g l ider  and 
'modifications a re  presented i n  figures 8 through 29 as follows: 
L 
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S t a t i c  longitudinal charac te r i s t ics  Figure 
Standard DS-1 g l ider  configuration i 

Effects of Reynolds number . . . , . . . . . , . . . . , . . 8 
Comparison at Mach 0.26 and 0,50 , . . , . . , . . . . . . , 9 
Effects of wing-tip extensions, Mach 0-26 . . . . . . . . . . 10 
Effects of wing-tip extensions, Mach 0-50 . , . . , . . . . . 11 

Effects of large elevons Q and modified wing leading edge 12 
Effects of body modifications . . , . . , , . . , . . , . . . 13 
Effects of t h e  4' toe-in v e r t i c a l  t a i l  V4 and other 

modifications . . . - . , . ,  , . . . . . . . . . . . . . . .  14 
Effects of removing various components from the  standard DS-1 

g l i d e r , . . .  , .  . . . . . . . . .  . . . . . . . . * . . + .  15 
Effects of v e r t i c a l  t a i l  modifications . * . . - , . . . . . 16 
Effects of elevon deflections 

S t a n d a r d D S - 1  g l ider  . . . . . . . . . . . . . . . . . . , 17 
DS-1 gl ider  with wing-tip extensions , . . . . . . , . 18 
Modified g l ide r  with large elevons E2 . . . , , . . . . , , . 19 

Effects of wing-leading-edge t r ans i t i on  s t r i p  . , . , . . . . . 20 

Base-pressure coeff ic ients  on t h e  standard DS-1 gl ider  model . . . 21 

Lat  eral-direct  iona l  charact e r i s t  i c  s i n  s ides  l i p  a t  const ant angle 
of attack 
Effects of Reynolds number f o r  several  configurations . , , . 22 
Effects of v e r t i c a l  t a i l  modifications . I . . . . . . . . 23 
Effects of body modifications and elevon configuration . . . . . 24 
Effects of wing-tip extensions . , . , , , . . . . . . , . . .I 23 

Aerodynamic charac te r i s t ics  i n  p i tch  
Standard DS-1 g l ider  model at constant s ides l ip  angles . . , . + 26 
DS-1 glider  model with wing-tip extensions a t  constant s ides l ip  

a n g l e s , , . , ,  . , . , . . . . . . . , . , . . . , . . . . .  27 
Effects of d i f f e r e n t i a l  elevon def lect ion 

Standard DS-1 g l ider  , . . . , . . . . . . . . . . . 28 
DS-lgl ider  with large elevons E2 . . . , . . . . . . . 29 

It should be noted t h a t  f o r  t he  majority of t he  resu l t s ,  the  scale  
of t h e  pitching-moment coeff ic ients  i s  0 ,Olpe r  inch. 
was u s e d t o  make t he  e f fec ts  of configuration modifications more apparent 
than would have been the  case i f  t h e  pitching-moment coeff ic ients  had 
been plotted t o  t h e  more conventional sca le  of 0.04 per inch used i n  
f igures  17, 18, and 19. 

This expanded scale 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  C a l i f - ,  May 12, 1961 
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1. Glauert, H,: The Elements of Aerofoil and Airscrew Theory- C h -  XN, 
The University Press, Cambridge, England, 1926- 

2- Herriot, John Go: Blockage Corrections for Three-Dimensional-Flow 
Closed-Throat Wind Tunnels, With Consideration for the Effect of 
Compressibility- NACA Rep. 995, 1950. (Supersedes NACA RN A7~28) 
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Pian view 

TI Wing - t ii 
extension 

T2 Wing - t il 
extension 

3.34\ .45 R 

-9.93 4.20- Rear view 

,---VI Vert. fin 

Dimensions shown in inches 

Side view . .  

.90 
A 

( b )  Wing-tip extensions. 

Figure 2.- Continued. 
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A-27076 

( c )  Side view. 
8 

A-27077 
(d) Top view. 

Figure 3.- Concluded. * -.I 



A-27078 

(a) Side view; large wing-tip extension T ~ ;  9 = -10'. 

A-27079 . ( b )  Top view; large wing-tip extension TI; 9 = -10'. 

Figure 4.- Photographs of t he  model with wing-tip extensions. 
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A-27080 

( e )  Side view; small wing-tip extension T2; 9 = -10'. 

A- 2 708 1 

(d) Top view; small wing-tip extension T,P; CLT = -10'. 

Figure 4.- Concluded. 
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(a) F la t  nosed body (W1L1B4V1E1). 
A-27082 

A-27083 

(b) Cone-cylinder body (WIL1&VIE1) - 
Figure 3.- Photographs @F t h e  model ,@!th body modifications. 
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A-27084 

( c )  Standard body with f i l l e t  (WILIBIVIEIX1). 

I I 

A-27088 

(a) Model with the  body removed ( W ~ L I V ~ E ~ ) .  

Figure 5.- Concluded- __ 
?-r--z. 4 
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(a) Three-qt iarter f ront  view. 

(b )  Frcnt view. 

Figure 6.- Photographs of the model with the  large v e r t i c a l  ta i ls  t i l t e d  
out 20° ( w ~ L ~ B ~ v ~ E ~ ) .  
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A-27087 

Figure 7.- Photograph of the  model with the  modified wing leading edge, 
extended body, v e r t i c a l  t a i l s  with reduced toe-in, and large elevons 
(WlkB3V*E, 1 - 

. 
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